
.

8

?

NATIONAL ADVISORY COMMITTEE
JR AERONAUTICS -

. .
TECHNICAL NOTE

.
No. 1351

‘JUL10 N47----
.

COMPARISON BETWEEN THE MEASURED AND THEORETICAL

SPAN LOADINGS ON A MODERATELY SWEPT-FORWARD

AND A MODERATELY SWEPT-BACK SEMISPAN WING

By Robert A. IvIendelsohn and Jack D. Brewer

Langley Memorial Aeronautical Laboratory
Langley Field, Va.

●

Washington

July 1947 ,



~.~’?yx..&.w.”~-
. ——w - ,,.

ERR AT. A.. =-..- “~> ~~’. ~
-- ””-’

z-- -“: ‘“-”,“ ..*
,....W—-

NACA TN 1351 ,,.:.-’- —.,.—
., ..-.

COMPARISON BETWEEN THE MF&URED MillTHEORETICAL
SPAN LOADINGS ON A MODERATEL

...—.
Y SWEPT-FORWARD -,---.. ...=.

AND A MODERJVCELYSWEPT-BACK ELEMISPANWING .*._
By Robert A, Mendelssohnand Jack D. Brewer

,--
. .

“.
July 1947 . . . *.

The curves of figure 10(a) are in error because of the use of the
incorrect root chord in conversion of the results to the form giwm in
the figure. All curves of figure 10(a) should be corrected bymul.ti-
plying the ordinates of the curves by the factor 0.865.

The term “uniform geometric twist)” as used in this paper} is
defined as that twist which is given by connection of constant-percent-
chord stations of the root-and tip airfoil sections by straight lines.
The quarter-chord line of the swept-back wing has no dihedral.
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TECHNICAL NOTE NO. 1351

COMPARISON BEI’WEENTEE MEASUWD AND THEORETICAL

SPAN LOADINGS ON A MODERATELY SWEPT-FORWARD

AND A MODERATELY SWEPI’-ZUICKLSEMXSP.9NWING

By Robert A. Mendelssohnend

SUMMARY

An investigation has been conducted
tunnel on two eemiqxxn swejt+iag modslQ

Jack D”.Brewer

. .

,“

in the Langley stability
- one swept forward 12°

and the other swept back Ps” at the quarte~hord line - in order
to detennlne experimentally t% span-load distributions =d to .“ “
compare the experimental with theoretical results~ In addition, lift,
hag, pitching moment, end ste.lli~ characterietictiwere detetined.

● In order to check the validity of the semispan tests, the full-span
swept-back wing from which the semispan model was made was first .
tested.in the Langley propello-research t~~n~l. A comparison

● between span loadings obtained.from the data of the two win~ tunnels
and those calculated by liftin~-ltne and lHt5ng-surface theory “
indioated that differences between the results from the two wind
tunnels, though small, were as great as the ai?ferences between
the results from the lift@y-line and.llftin&surface. calculations.
The theoretical curves approximated the experimental curves within
the accuracy necessary for engineering calculations.

The exper+hwhl results indicated that a @nail loss in load, ...

presumably caused by the tunnbl+all boundary layer, recurred near
the root for both semispan wings. Because of this 10SS in load md
because of distortions in the chordwise loading near the root, semispan

1
i

tests of highly swept wings may give etiork in pitching moment. The
aerodynamic centers of both semispan wings were fdund to move forward
at high lift coefficients.

t
A ailless ewept-wtz?gairplsne, similar

to the wing used.for these tes s, may therefo~ bemme longitud3naUy
unstable at high lift coefficl~nts. Profile-drag mpasurwsents
indicated an appreoia%le outfl~ of the boundary layer on the swept-
back Wi~, . .--- .

●
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INTRODUCTION

A great amount--ofwork has,been done to determine spa~loading
characteristics of swept wings from ptiely theoretical considerations,
and many computation methode are now available, some based on lifting-
line theory and some base~ on lifting-surface theory. These methods
give the span loading to various degrees of accuracy, depending on
the assumptions”’made,which in turn goverg the amount of labor
expended to obtain a solution. The purpose of this investigationwae,
therefore, to compare theoretical spa~loading results with measured
values to determine the practicability of using the simpler ccauputation
methods on winGs having moderate amounts of sweep.

Tests were conducted in the&by 6-foot section of the Langley
stability tunnel on two models - a sbmispan wing swept forward
12° and a semispan wing swept back 230- in order to dete?mine
span loadtng, lift, drag, pitching rn~ent, and a“talli~ charac–
teristics. The semispan swep+back wing.yqs the le$t ~anel of a
full-span swept-back wing that had previously kmen tested in the
Langley propel.lez=.researchtunnel. (See appendix.) The tests
described in the appendix wero””conductedon the eyept-back wing alone
and on the same wir@ with a center plate and spoiler which simulated
the boundary layer on the tunnel wall for the semispan tests. The
purpose of the full-epan tests was to determine the effect of the
tunnel--wallboundary layer on the span loading of the semispan model.
T&e spanwisevarfation of profile drag was also determined in the
full-span tests. Data frcm the teats described in the appendix are
included herein for comparison,

The test models had no elevens but, by integration of pressures,
generalized curves of the variation of hin$e-moment coefficient with
angle of attack were calculated“for several assumed eleven plan forms.

SYMBOLS

The c&fficients and symbols used are

CL wi% lift coeffi.cient (L/qS)

defined as follows:

b

●

c1 lift coefficient at a section ~Z/qc)

Cla additional lif,tcoefficient at a.section

Clb ( .0)basic lift coefficient at a section CL
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wing drag coefficient (D/qS)

profile-drag coefficient at a section (d/qg) . :

wing pitching+mment coefficient (M/qSc:)

pitching+noment coefficient at a section (m/qc2)

eleven hinge-mcment coefficient at a section

(-Jl.C )P(x-x~)dx
~a2 xl

(f

1 Yo
eleven hinge+nom&t coefficient —

)
ca2ch dy

~a2ba Ji
..

rate of change of eleven htnge--momentcoefficient with

angle of attack {*h/k)

‘()presstie coefiici9nt +

rate of change of pressure coefficient with angle of

attack (~P/%)

pressure-coefficient increment resulting frcm an
angk+of-attack change from 0° divided by the
angle-of-attack change

wing lift
..,

lift at a section

wing drag

profile drag at a section

wing pitching moment about E/b

pitching mcmentabout c/& at a section

wing area

spanwise distance

spanwise distance
end of eleven

normal to plane of symm&jr$ .
,“.

frcunplane of symmetrytoinboard ,,,
. .

.“. . . . ,.-,
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spanwise distance from plane of s-try to outboard
end of eleven

wing span normal to plane of symmetry”

eleven span nomal ‘toplane of symmetry

dietx%noefrom leading edge along chord lime

distance from leading edge of wing to chbrd line of
assumed eleven hinge axis ,

local wing chord parallel to plane of spnetry

liean’aerodynamicwing chord’

wing ro,otchord. : ,.

local chord of assumed eleven parallel to plane of”
Oymmetry

root+nean-square chord of assumed eleven ‘

fYee-&ream dynsmic pressure
()
+2

local static pressure

free-stresmstatiu pressure

free-stream velocity

den~ity of air

a~le of attack, measured at root section

APPARATUS AND METHODS

Models

Two semispan tapered wing models were used

. .

for the tests, one
having 12° sweepforw6rd of the quarte~hord line with no geometric
twist and the other having 2s0 aweepbapk of the quarte~=h&i line
with ~“ uniform ~ecmetric twist. Both models were constructed of
laminated mahogany and had 25 pressure orifices 8p8Ced at cQnstant
percentages of the local chord for each of tine spanwise @ations.
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(See.fig. 1.) The swepkbaok wing is the left panel of the model used
foq,the,tests described in the appendix, except that an additional row
of orifices wa.s.installed1 inch frcdnthe root section, and the model
was’’completelyrefinished.

Some geometric constants for $he models are:..

Swept+-forward

Area of full-span wing, sq ft . ~ . . . . 16.72
Wing span, fti(full span) . . . . . . . 10.10
Mean aerodynamic ohord, ft . . . . . .
Aspect ratio . . . . . . .,. . . * . . ;:=
Taper ratio .. . . . . . .. . . . . . 0.327
Sweep of qm”rten-chord line, deg . .,, .. -12
Unifomn geometric twist (washout.),deg 0
Root airfoil seotion . . . . . . . , , NACA b~lp
Tip airfoil section . . . ,,,.,; , ‘. . . NACA 4412

Installation and Tests

. .

wing Swept-back wing

13 ● 55
10,10

1.51
‘ 7.51
“0:243 .

.. 2$
NACA 44I.8
NACA 4418

.,.-. ,

. .

.
~Each model was mounted horizontally (with zero dihedral) on.the ,

side support of the tunnel b,alenceframe, completely free from the .
tunnel wall except for a flexible sealused to prevent flow through

d the gap between the tunnel wall and the wing support block. (See fig. 2.)
.

In order to allow.movement ok the part of the wi””~”thatextended ‘
beyond the tunnel disk, the swept-forward wing had a gap of approximately
#inch left unmaledbetweenthe tunnel wall and the rcot section,~ehind

,.
the 67-percent.-chord-point. For the swept-back wing, ~ slmil.argap was
left unsealed forward of the 17-percent-oh~d p?int. Check tests were
made on the swept-back wing to determine whether the ‘fabricseal and
open gap affected the loading near the root section. For these tests,
plasteline was used to seal all gaps and to continue the wing contour
to the tunnel wall.

Because the wings were expeoted to deflect under load; a determina-
tion of the wing twist was made. For the swept-forward wing, the twist
was calculated by a method usi~ the measured span’loading and the known
wing rigidity as determined from statfc tests. For the swept-back wing,
the spanwise variation of twist.of the wfng under load was determined
by measuring the di~plaoement of ‘beamsof li&ht’reflected from mirrors
mounted on the wing.

*

Span-1oading, force, and tuft tests were made for this investi-
gation at a dynamic.

* of attaok up to and
pressure of 98.3 pounds per square foot for angles
including 90, and at a dynamic pre8mre Of 39.7
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pounds per square foot for angles of attack from 9° through the stall.
These dynamic pressures correspond to airspeeds of 196 miles per hour
and 124.6 miles per hour, respectively, qnder standard sea-level
atmospheric conditions. For the same speeds, Reynolds nunibersfor the
swept-forwardwing, based on the,mean aerodynamic chord of the model,
were 3.31 x 106 and 2.10 x 106 and Reynolds numbers for the sweptiback
wing, basbd on the mean aerod-c chord of the model, were 2.77 x 106
and 1.76x106, No turbulence factor wa’sizsbdin the calculation of
Reynolds numbers because the turbulence level in the stability tunnel
is very low.

..

The force and mment
corrected for the effects
method given in reference

. . . .
,..

.,

CORRECTIOI?S ‘.,. .
,.. . --

coefficients and the angle of attack were
of the tunnel Jet boundaries by the general
1. Xn addition, corrections were amnlied

to the angle of attaok for model deflections. Because,the an&-of-
attack correction for ~et boundaries -andm6del twistvaried alon& the.
span, the coefficients at each section were corrected for conditions

,.

at each sectick. For the foi’cetest+ of the wing, the angle of attack
was corrected by an average value, weighted accbrdtng to the chord.
The angles of attack shown on the pressure-distributionplots are the
average wing angles of attack, bebause the pressure’dixrtributions-are
presented as measured and are for the nonrigid models. No corrections
were applied for the effects of the tiinnd-wall lmundary layer or for
the clearance gaps between the root,section and the tunnel wall.

The equations used in correcting the force data for Jet bo@ry
and model deflections were: ,,

Swept-forward wing:

CJ= au + 1~717~- 0.02; q = 39.7”1~/eq ft

U=~+l.863C% -0.05; q=g8.3 lb/6gft

cL =
%

. .

CD = %
‘t-0.01760%2

.

t’

Cm. c% + 0.0013C’ ‘
%
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* Swe@-back wing:

u = ~ + ld32Ck - 0002; q = 39.7 lb/sq fi
w

u = au + 0.923C%- 0.04; q = 98.3 lb/sq’*
,.,

CL = C%

CD = cm + 0.0173C%2 .

cm=%

where the subscript U denotes ticorrected values. ‘

The maxhnum’%wist correction near the tip at a dynamic,pressure
of 98.3 pounds per squre foot and at an”angle of attack of 9° was
0.54° for the swept-forward wing and 0.77° for the swept-back wing,

i~-ATION OF RESULTS
,

Pressure distributions.- The measured section pressure distri-
. butions are presented in figures 3 and 4. In order to obtain a“%etter

estimate of the pressure distributions corresponding to a rigid wing
In free air, cross plots of pressure coefficients at several chordwise
locations for each spanwlse station were made against corrected angle
of attack. From these plots, the parameters Pa and &P./&z were
detemnined. (See figs. ~ and 6.) These pressure distributions deviate
slightly frcm free-air conditions since, altho~h t~e chordwtse load
was corrected for the effect of set boundaries, thqre was no correction
for the distortion in the load caused by induced c~ber. Except for
this approximation, fre~ir pressure distributions can be estimated
from figures 5 end 6 for angles of attack up to 12° by the.following
relations: .

P= 4p~) + P(GO)
,.

or .

4A)
P=g+p

(a=o)

.-The pressure distributions at each section were
%%%?i.nte$raed o 0 tain normal-force coefficients, chord-force coefficients,

●

and pitching-mcment coefficients.” The lift coefficients at each section
were calculated and, together witlithe pitchingacxuent coefficients at
each section, de plotted &gainst corrected angle of attack in

9 figures ‘7and 8.
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Loading dia~ams corresponding to a ri@d wing h free afr were
d

obtained by cross-plotting the lift curves at each aectlon at constant
angles o~,attack. (S60 fig. 9.) .

The parameter representing the rate of change of additional
loaclingwith lfft coefficient ~%$.%) was obtained from a plot

I
of Ccz CB against CL. Figure 20 shows this additional loading

a
and the basic (or zero lift)
coefficient up to CL= 0.8,

obtained hy the equation

Oc., 2—=
CB

loading. For the linear range o? lift
the total loading on either wing may be

ccl cc2 ,.
--- A+C L--.4
c~ c~c~

,,.

The basic end additional loads f’orthe swept-back wing, as dete>
mined from the Langley stability and pro~l.ler-research tunnels, are
compared in figure 10(b). Included in this figure are theoretical
basic and additional loadings computed-by the l~fting-line theories
described in references 2 and 3, respectively, neither of which
accounts for sweep, and a.lEIoan additional loading cohputed by the
lffti~urface theory described in reference k, which takes sweep
into account.

~levon chtiracterfstfcs.-The eleven.hinge+mment coefficient at
each section ch was computed by integration of the meamred pressures.

The VdUOS Of ch tierethen plottedagainst ~panwise location and

ifiegrated to’determine Ch fbr two typical 01eVOn6, Tha COIM’hiKIt-

chord eleven (ca =.0.16E%): efiends from the 36.4-percent.section
to the 71-~rcent section. On thk swept-back model, this elbvon
closely resemble~ that currently used on a tailless airplane. The
constant~ercentage-chord eleven (Ca = 0.200c) extends from tho

@percent-span sectionto the tip. (See fig. 11.) The eleven hlnge-
moment parameter C

h
was determined for various eleven spans and

locations (see fig, 12) by apyropriate~y lntegra*ing tbe Pa-curves
(figs. 5 end.6).

Eorce tests.- Force and moment-coefficient d&ta from the wind-
tmnnelbalance rea~ngs em given hfigure l? for the swept-back and
swept-forwardwings. The data are plotted against oorrected angle of
attack. “ “

,,

Profile-drag charactertstics---.The.Spagwise yariation of section
profile-drag coefficient for th”swept-baok wing, measured in the
Langley propellm+esea,rch-tunnel tests (see appendix), is shown in
figure 14,

.
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● Stall patterns,- The flow conditions over the wing at v~ious
angles of attack are shcmn by figure 15. The stall patterns were
de~emnined frcm photographs ~f
the wings..

* .-

t~ts attached to the-upper surface of

DISCUSSION

Pressure distribution.- Thepressure ~lstributions of figure 4
show =regula r results for the original tests of sections H and I
for the swept4ack wing. After the tests had been ccmpleted, phot-
graphs taken to record stall patterns revealed that the fabric seal,
which was used to prevent leakage between the model and the tunnel
wall, had bulged inward; hence the local velocities near the root
region were prpspmably changpd. Check tests on the swep-back wing
having plasteline to fair the wing contour to the tunnel wall indicated
that, although the ch~dwise, pre,ssuredistribution was distorted by
the seal, the total load remained the same. The check tests also
indicated that-very little loss in loading was caused by the @ch

clearance gap between a part of the wing root and the tunnel wall and
. that a distortion of the inboard load occurred’with a fabric seal ‘

regardless of whether it bulged into the air stream. ,

v Span loading.- For the swept-f~ard wing, a comparison of the-
measured additional loading with the liftin&line loading, as
calculated from reference ~, shows very good agreement except near- .
the root section where a.loss in load is indicated by the test data.
(See fig. 10(a).) Inasmuch as the wing had constant camber and no
gecmetrio twist, theory would indicate a zero basic l,cading;however,
a small basic loading was indicated by the measurements. This apparent
basic loading may be caused by construction irregularities, boundary-
l.ayereffects, and errors in correcting for twist due to load.

The results for the sweptAback wing show a loss in additional load
near the root similar to that found for the swept-forwa,rdwing. This
loss was not shown by the full-span data of the tests described in
the appendix, even when the tunnel wall was simukted by B center plate
but, since no measurements were made for

t

stations less than 0.10

in that investigation, It is possible thatb.~e loss in load occurred but
was not measured. For highly swept winge,,semispan tests may give errors
in pitching mcznentabout the ae,rod-ic center because of distortions
in chordwise loading near the wing root and because,of changes in span

. loading caused by tunnel-wall boundary-layer effects. Unpublished data
of the span loading over a tw~imensional wing completely spanning a
tunnel test section indicate that a loss in load of approximately
5 percentmay have been caused a% section I by tunnel+alll boundary-

w
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layer effects. The present swept-back~lng tests indicate a higher
outbcanl loading than is shown by the tests described in the appendix
or by liftin@ine or liftln&mrface thmry. This apparent discrepancy
is partly caused by the neoessary vertical shift In the had curve to
obtain a uniform total area even though a loss in load ocmre near the
root. The differences between the two test results are as mat m the
differences between the theoretical curves. The theoretical curves
approximate the experimental ones within the accuracy necessary for
engineering calculations. The in&uced drag corresponding to the various
loadings are all very similar &s shown hthe following table: -

. .

Source “ Xnduceii+ira gcoefficlentcauOei
of span loadiiIg ~y additional Madin& -

Present swep%back-~ data . . . . . . . . . . . . . , . 0*042TCL2.,, ,.

Appendix test data . .’”.. . . . . . . . . . . . .’. . . . ‘0.043**

Lifttng-linetheory . . . . .. . . . . . . ... ... . . 0.043@L2

Lifting-surface theory .-.... . . . . . . “.. . . , . . . . 0.042%L2

The difference in the results of the”two sets of’tests may be
attributed to differences in tunnel-comegtion ~thods, possible
tunnel-wall boundary-layer effect, @anges caused by rtifinishiw .
themodel after the tests described in $hq.append,ix, the acc~acy
with which -a.s~n loading.c.anbe determined from prese,~e measure-
ments, and differences in air-strqmn,angularity.,.- ,: . . ... .,

The basic load- ccmputed by Iiftfng-li,ne’theory indicates a
greater load due togecm@@c twist ,thancLsshown by measuremefifis.

., ,.. .
E1.evencharacteristic .- Th8’v~iati~n of eleven hinge moment

“ with an@e of attack (fig...ll)SQUWS that, fcuboth wing models, there
is a large increase in the tendency pf,the eleven to float with the
wind at angles of attack above 4°. Stick-force reversal may thbre-
foreoccur on a tailless swept-.wi~ aipplane with,elevons having the
aasumed.dimensions. ,..

The thicker boundary lAy.ernear the tip, the large traili~dge
W3e~ and the weep cause a reversal of t~ pa-curves near the
$railfng edge. (See figs. 5 a@ 60) Plain eleven characteristics
estimated frcm pressure integrations thus indicate that small-chord
elevens on this swept-forward ti:swep~back wing have Q pasitive C~~
(See fQ. 12.) With an,increase in eleven chord, .CL becomes more

w
Zlegat”iv’e,’but’ wfth &’increase in eleven ‘span, C%” changes little.
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Balane data.- From the force and moment data (fig. 13), it was
found thatcthe aerodynamic center of the swept-forward wing remained
at 22.1 ercent of the mean aerodynamic chord for lift coefficients

bup to o. and moved forward for higher lift coefficients. For the
swept-back wing, the aerodynamic center remained at 28.2 percent of
the mean aeromc chord for lift coeffic~e,ntsup to 0.28 end moved
forward for hi@pr :lijf% .coefflcients. WS~ a ~Pt~ack tai~ess”
airplane of “tpis,::pldii f@m may become l,ongitu&nally unstable at high
lift coef f ic lents. This characterlst$c- is also shown by ~~ St~liW
patterns of figure 15. Because of the sweepback, stalling begins near
the tip region ~a progresses inward. Xnasmuch as the t ip-,region is
behind ~l@-rn6@nt””’center,decreases in loading produce more positive
pitching mo@nts.

....;,.’i.

Snc~uded h f@ure 13(b) is a comparison between the”lift curve
taken from the data of the tests described in the appendix and the
present swept-back semispan wing tests. -d ~ee~nt is sh~”.
Pressure integration for wing forces and moments gave results which ‘.
compared very well with balance readings.

yrofile-draa chara tec riatlc~ As shown in figure 14, the

. measured.section profile4rag coe~~icients for the swept-babk”wing
are lowest near the center of the wing and increase as the dtstance ‘ “’.
from the center increases. If the variation in 10C~ ~gle of attack
causea by wing twist and the spanwise variation in Reynol&s number.
were taken into account, an increase in proftle @rag toward the tip
Would be expected, but the magnitude of the increase shown by the
tests indtcates en apprectabIe..outflo~of::}hebO~@y l~er.. . .

Stall natterns.- Figum 15 shows the% there is an inflow of air
over the swept-forward wing, causing inboard stall, and en outboti
flow over the swept-back wing, causing outboard stall. The pro$ress~on
of stall shown by these diaaams are ProbablY ~luenced to so~ e~ent
by ~et-bo~dary ~ffects, co~striction-effects, and model twist.

CONCLUSIONSI

An investigation has been conducted In the Langley stability
tunnel on two s;mispen swept-wing models, one swept forward 12”
and the other swept back 23° at the quarter-chord line, in order
to detemine the spardoad distributions and to compare the experi-
mental ana theoretical results. The full-span swept-back-w-
model from which the semispan model was made was first tested
in the Langley proyelle~research tunnel in order to check the
validity of the semispen tests.
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The results of these tests indioate the foULowi.ngccmclusims:

1. Although the differences between span loadings determined
from tests in two wind tunnels weresma$l,they wereas great as

‘ the differenoee between span J@adings det.emuinedflxxaa lifting-
line and lifting-surface theory, The theoretical curves approxi-
mated the e~erimental ones within the accurac~ required for
engineering calculations..

‘2. A small loss ~; “load,presuinablycaused by:the tunnel-wall
boundary layer$ occurred~near the root for both semlspan wings.
Becaqse.,~$,,t~;s,,loti~,,$?.l~d apd because @’ dietoti$~na:M the chord-
wise loadfhg”near the root, semispan tests of highly ew~~t wings may
give errorsIn pitching moment.

*..:.’.
3.’ The aero&io center of both samispan win& nioved foq#ard

at high lift coefficients, A taillese swept-wing ai.rplans,stithr
to the wing used for these tests, may therefore beccme ‘lmngitudina,l&’
unstable at high lift coeffiolents. .,

4. Profile-d.r agmeasurements Indicated en appreciable outflow
of the boundary .layer on the swepkback wing.

La@ey Memorial Aeronautical Laboratory
National Advis~ Comm$ttee for Aeronautics

La~ley Field, Vs., August 8, 1946 ~
,, ..,,

.
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wR’JW&UmUJIJINVESTIGATION

APPENDIX

OF !Z’KELOAD DISTRIi3UHON ON A FULL-

SFAN SWXPK6ACK- MODEL

By Carl A. Sandahl ‘
‘.*

Because several semismn wings that were large with respect to
the tunnel throat were to %e test=d, and because of the possibility
that a tunnel-wall boundary layer would affect the span Loading, one
of the models was tested in a larger tunnel-to obtain data which
could be compared with the semispan data to show possible changes
caused by testing methods. This preliminary Investigation was
conducted in”the 2Gfoot Langley propelle~research tunnel with a
10.1-foot full-span swepkback-wing model. Tests were Mde with
and without a cente~plate spoiler arrangement attached to the wing
in the plane of symetry. A spoiler deflection which shulated the
boundary-layer displacement thickness for the semispan tests was
used. A photograph of the test arrangement IS shown in figure 16.

.
The left panel of the wing model was completely refinished and

equipped with an additional row of orifices 1 inch from the model
center line for the swep=ack wing semlspan tests.

*

The tests in the Langley propellen-research tunnel were run at
approximately 100 miles per hour, which corresponds to ~ Reynolds
number based on the mean aerodynamic chord of 1.30 X 10 . The wing
angle of attack and the drag coefficients were corrected for $et-
boundary interference; the variation in jet-boundary induced angle
across the span was small enough to be neglected. A determination
of the section profile drag was made from wake profiles at a number
of spanwise stations 20 percent of the local wing chord behind the
trailing edge.

The span loadings for the wing alone and for the wing equipped
with center plate and spoiler were determined for various angles
of attack. It was found that the spoiler extension which Most
closely simulated the boundary layer for the semispan tests had very
little effect on the basic or additional-load distribution. It is
noted that no pressure measurements were made on the inboard 10 percent
of the span and that the load curve was extrapolated to zero slope
at the center of the wing.
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(a) Swept-forward wing. Front view.

Figure 2.- View of swepbwing models in the 6- by 6-foot
section of the Langley stability tunnel.
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(a) Swept-forward wing. Front view.

Figure 2.- View of swepbwing models in the 6- by 6-foot
section of the Langley stability tunnel.
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(c) Swept-back wing. Front view.

Figure 2.- continued.
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(d) Swept-back wing. Rear view.

Figure 2.- Concluded.
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(a) a, -4.1°; q, 98.3 pounds per square foot.

Figure 3.- Measured chordwise pressure distributions over a swept-forward-wing model.
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NACA TN No. 1351 Fig. 5a
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(a) Variation of Pa and AF/Aa with chord.

Fi$rure 5.- Curves for determining pressure distribution
over the swept-forward wing tested.
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Figure 6.- Curves for determining pressure distribution
over the swept-back wing tested.
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Figure 7.- Results obtained f om integration of
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Figure 13. - Force and moment coefficient data
for the sweptiwing models.
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Figure 16. - View of
installed in the

full-span swept-back-wing model
Langley propeller-research tunnel.


